INTRODUCTION
Therapeutic strategies for Crohn's disease (CD) have progressed remarkably in the past decade. 1 From 1991 to 2014, the rate of hospitalization and surgical intervention for CD decreased; however, despite the use of advanced drugs such as immunomodulators and biologics, the progression to complicated disease forms remained constant. 2 CD has traditionally been a problematic condition owing to its associated complications of strictures and fistulizing diseases. Approximately 70% of patients are affected by fistula and stenosis, and about two-thirds require surgical intervention at least once in the 20 years after primary diagnosis. 3 However, surgery cannot guarantee a definite solution, and problematic complications reoccur frequently. 4 Although therapies including antitumor necrosis factor (TNF) antibodies have been developed to control inflammation, and to induce remission, the long-term efficacy of these therapies in preventing CD progression to fibrosis and fistula is not promising. 2, 5 Further study of the cellular and molecular pathophysiological processes involved in the complicating phenotypes of CD might help identify appropriate treatments to benefit patients with CD.
In recent years, studies have demonstrated that epithelialmesenchymal transition (EMT) plays a crucial role in fibrosis and fistula formation in CD. 6, 7 EMT was first identified in the 1960s from the pioneering work of Elizabeth Hay, who described transformation of epithelial cells to mesenchymal cells in the chick primitive streak during embryogenesis. 8 Generally, in EMT, epithelial cells demonstrate plasticity and lose epithelial markers like E-cadherin and catenins. Subsequently, other changes occur, such as development of spindleshaped morphology, which is typical of mesenchymal cell lines, and increased extracellular matrix (ECM)-producing capacity. In addition, cells show expression of mesenchymal-related molecular markers such as fibroblast-specific protein-1 (FSP1) and vimentin. 9, 10 Of note is the expression of a powerful inducer of EMT-transforming growth factor-b (TGF-b). 11 Depending on the biologic conditions, EMT can be categorized into three types: type 1 is present in implantation, embryogenesis, and organ development; type 2 is correlated to tissue regeneration and fibrosis; and type 3 is involved in tumor growth and cancer progression. 12 Fibrosis is a pathologic response to chronic inflammation and impaired regeneration, and is defined as excess accumulation of ECM, resulting to some extent from the expansion of mesenchymal cells. 13, 14 Wound healing and intestinal fibrosis are inevitable in the disease course of CD. The pathophysiologic effects of EMT in tissue repair, fibrosis, and fistula formation in disease progression and possible carcinogenic aspects of CD are emphasized in this review. With a thorough and comprehensive understanding of EMT in CD, early markers for detection and novel drug therapies for strictures and fistula can be developed in tandem with EMT and aid in the current treatment of these complicating phenotypes of CD.
This review aims to present the current knowledge about EMT, highlight its role in fibrosis, fistula formation, and carcinogenesis in CD, and discuss the prospective medical advancements related to EMT in CD.
EPITHELIAL-MESENCHYMAL TRANSITION
EMT describes a series of changes in which epithelial cells lose some of their epithelial characteristics such as polarity and adhesiveness and acquire properties of mesenchymal cells. Such transitions occur in several biological scenarios and their consequences have attracted the interest of scientists from different fields. The reverse process, called mesenchymalepithelial transition (MET), has also been reported. 15 The shift from epithelial to mesenchymal cells includes a wide range of inter-and intracellular changes, such as expression of transcription factors, RNAs, TGF-b family proteins, and tyrosine kinase receptors; these factors work in different combinations in different types of EMT. 16 Researchers widely acknowledge the proposal discussed at a 2007 meeting on EMT in Poland and at a subsequent conference in March 2008 at Cold Spring Harbor Laboratories for classifying EMTs into three different subtypes on the basis of the biological settings in which they occur.
EMT in development
EMT associated with implantation, embryogenesis, and organ development has been defined as type 1 EMT. This type of physiological EMT represents the developmental need to generate various mesenchymal cells that possess the ability to form new organs from epithelial lines. 17 In the later stages, primary mesenchymal cells acquire the potential to generate secondary epithelial cells with specific functions via MET. 18 Type 1 EMT occurs as early as during implantation of the embryo into the uterus. The trophectoderm cells undergo EMT to invade the endometrium and, consequently, settle in the placenta. 19 In gastrulation, a subgroup of epiblast cells from the embryonic single epithelial cell layer move to the midline to form the primitive streak. These cells undergo EMT to produce the mesoderm and endoderm, whereas those that do not undergo EMT form the ectoderm. Thus, the embryo develops from one layer into three germ layers. 20, 21 In addition, primary EMT contributes to the development of the vertebrate nervous system to generate neural crest cells. Epithelial cells originating from the dorsal midline of the neural tube undergo EMT to transform into migratory neural crest cells that later spread out along the embryo and form neural crest mesenchyme; this mesenchyme further differentiates into neurons, glial cells, and many other cell types. 22 Subsequently, secondary EMT, tertiary EMT, and MET participate sequentially in constructing the final architecture of various organs and tissues ( Figure 1 ).
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EMT in tissue repair and fibrosis
Type 2 EMT occurs in the pathophysiological settings of tissue repair and fibrosis. Such phenotypic changes occur when there is a need to recruit mesenchymal cells from epithelial cells during tissue damage. During skin wound healing, EMT contributes to the differentiation of myofibroblasts that are vital for ECM deposition. 24 Epithelial cells gain motility through EMT and migrate to the site of injury to trim defects and restore tissue integrity; however, the ECM depositions secreted by the fibroblasts, and partially by epithelial cells via EMT, can result in unintended fibrosis and potential organ dysfunction. 25, 26 Several studies in cultured cells in vitro and in animal models and human specimens in vivo have provided evidence of EMT in fibrogenesis of critical organs such as kidney, liver, lung, and intestine. 6, [27] [28] [29] By using a transgenic mouse model, a lineagetagging study provided strong evidence verifying the important role of EMT in renal fibrosis, and reported that 430% of new fibroblasts are derived from local EMT. 25 A similar phenomenon of EMT was reported in the liver and in cases of pulmonary fibrosis. 28, 29 Another in vivo study of human kidney tissues by immunohistochemical tests demonstrated that the type 2 EMT process in humans is regulated by crosstalk among the TGF-b/Smad, integrin/integrin-linked kinase, and Wnt/bcatenin signaling pathways. 30 TGF-b activates SMAD2 and SMAD3 that translocate to the nucleus to activate transcriptional regulators for repression or activation of target genes. 16 Mouse Smad3
À / À models are protected against tubulointerstitial fibrosis, as shown by blockage of the EMT TGF-b signals and ECM deposition. 31 In addition, systemic injection of recombinant human bone morphogenic protein-7, which targets TGF-b pathways, can reverse renal fibrosis in mouse models. 32, 33 However, the contribution of EMT to renal fibrosis is controversial. Mack renal fibrosis should also be noticed. Thus, EMT might not be as important as previously thought, and an exaggerated belief in targeting EMT may be unwise for treatment of fibrosis. The lack of consistent markers for evaluating EMT, tissue heterogeneity, the dynamic features of EMT, and problems with reproducibility in animal models may be responsible for these observed differences between studies. Nevertheless, pilot and detailed studies of EMT-associated molecules in renal and liver fibrotic diseases have shed light on the role of EMT in intestinal fibrosis. Flier et al., 6 by using a transgenic mice mouse model for the first time, showed that EMT could contribute to one-third of the FSP1 þ fibroblast population in the pathogenesis of intestinal fibrosis. In addition, studies have demonstrated the involvement of EMT in the pathogenesis of fistulas in CD. 7, 36 The disparity in the roles of EMT in renal fibrosis and in intestinal fibrosis of CD may be explained by the distinct preceding inflammation and microenvironmental factors in CD that differ from those in renal fibrosis. Therefore, a comprehensive understanding of EMT in CD is important.
EMT in tumor progression and metastasis
In the past two decades, extensive evidence supporting the critical role of EMT in tumor progression, from phenotypic changes to genetic modulation, has been reported. [37] [38] [39] Type 3 EMT is defined as the pathologic process of converting primary tumor epithelial cells into invasive and metastatic mesenchymal tumor cells with better migratory abilities, following which the tumor mesenchyme can leave its original tissue, move within the blood to a distant destination, and convert back into epithelial cells to form new tumor territory through MET. The loss of the epithelial marker E-cadherin and gain of mesenchymal markers such as FSP1 are key indicators of EMT and have been observed in various epithelial cancers such as breast, cervical, ovarian, and colorectal cancer. 40 Conditions such as hypoxia and chronic inflammation induce cellular changes in unstable genomes that regulate the EMT process and facilitate phenotypic changes in tumor cells. A large amount of evidence identifies the roles of the SMAD/STAT3 signaling pathway, the nuclear factor (NF)-kB pathway, and microRNAs in the development of colorectal cancers via EMT. 41, 42 In addition, studies on the tumor-initiating cells responsible for metastasis showed that breast stem cells associated with generating tumor-initiating cells are under the control of EMT programs that differ from those in physiological regeneration. 43, 44 The role of EMT-independent machinery of tumor invasion, such as podoplanin-mediated actin remodeling, has been identified in some squamous cell carcinomas. 45 Therefore, EMT alone cannot complete the process of tumor metastasis, nor can all fibrogenesis events occur via EMT.
EMT IN CD EMT in CD-associated fistulas
Fistulas are a problematic complication in CD patients. In a cohort study in Olmsted County, Minnesota, the reported cumulative risk of fistulas was 33% 10 years after disease onset, with distribution in the perianal (54%), enteroenteric (24%), and rectovaginal (9%) regions, as well as other locations (13%) such as enterocutaneous, enterovesical, and intraabdominal. 46 Fistulas are a heavy burden on CD patients and largely decrease their quality of life because of the requirement for surgery and high recurrence rates. 3, 46 Fistula formation may occur as a long-term consequence of chronic inflammation and possibly be driven by EMT. Through EMT, intestinal epithelial cells (IECs) convert into transitional cells (TCs) with mesenchymal myofibroblast-like features and line at the CD fistulas. 7, 47 TCs are a particular kind of cells that are present in the ''non-epithelialized'' areas of the fistulas; they have mesenchymal features and form an incomplete basement membrane. Such cells occur only in CD fistulas, not in otherwise normal people. TCs lining perianal or enteroenteric fistulas express epithelial markers cytokeratin-8 and cytokeratin-20, but not vimentin, thereby reflecting their epithelial origin. 7 Expression of the typical epithelial markers E-cadherin and b-catenin is downregulated in TCs compared with adjacent mucosal epithelial cells and squamous cells. 7 Reduction in E-cadherin levels is also a feature of EMT. Cadherins are transmembrane proteins facilitating homotypic interaction between neighboring cells to create adherens junctions. 48 bCatenin is the direct physiological link between cadherins and the actin cytoskeleton at adherens junctions. Its nuclear translocation is a determining step of EMT. 49 Reduction of b-catenin levels in the cell membrane could allow the cell to acquire migratory abilities. Compared with normal IECs, in which b-catenin is distributed in the lateral cell membrane, TCs demonstrate a weak, disseminated staining pattern in the cytoplasm, indicating reshaping. 7 Another key piece of evidence of EMT presence in fistula formation is that b6-integrin shows a strong staining pattern in the transitional zone where TCs are present compared with that in normal epithelium. 7 Integrin complexes enable cells to receive signals from ECM proteins through interactions with signaling mediators such as integrin-linked kinase. 16 Overexpression of b6-integrin is related to the enhancement of cell invasiveness in EMT. 37 Moreover, previous studies have demonstrated that TGF-b is a key inducer of EMT, and immunohistochemistry has shown an elevation in TGF-b1 and TGF-b2 expression in the fistula-lining cells compared with common IECs. 7 Although the role of EMT in the pathogenesis of fistulas is remarkable with regard to the changes in cytoskeletal molecules of epithelial cells, the inducers of EMT, that is, TNF and TGF-b, are also important. Colonic lamina propria fibroblasts (CLPFs) involved in the pathogenesis of CD fistula are known to have decreased migratory ability and insufficient wound healing when the gut experiences ongoing inflammation. 50, 51 Migration of IECs to the wound area signifies a tendency by employing the epithelial cells to close the defects in a short time. 52 This migration may be further facilitated by EMT. The reduced migration of CLPFs is caused by the contact of these cells with the proinflammatory molecules interferon-g and TNF. 50 In addition, TNF has been demonstrated to induce EMT in IECs and is capable of inducing TGF-b expression. 53, 54 Previous studies on EMT have demonstrated TGF-b-dependent activation of family members of the SNAIL transcription factor, namely SNAIL1 and SLUG (SNAIL2). 55, 56 The SNAIL transcription factor is a strong repressor of E-cadherin. 57 In CD-associated fistulas, SNAIL1 is strongly expressed in the nuclei of TCs lining the fistula tracts with a similar pattern to TGF-b expression, indicating increased activity of the TGF-b/ SNAIL1 pathway. 54 However, SLUG has limited expression in TCs lining the fistula tracts and is mainly seen in the fibrotic tissue surrounding the fistulas. 54 Thus, the link between increased TGF-b signaling and E-cadherin downregulation can be facilitated by the SNAIL transcription factor. 54, 57 Fistulas may arise because of defective tissue repair, and IECs may reprogram into mesenchymal-like cells whose function is to close wounds. In such scenarios, molecules associated with cell migration and invasion, such as b6-integrin, E-twenty-six-1 (ETS-1) transcription factor, and the Wnt-inhibitor Dickkopfhomolog 1 (DKK-1), have been identified for their role in CD fistulas. b6-Integrin is strongly expressed in TCs lining the fistulizing tract. 7 In addition, researchers observed that TNF induces ETS-1 and b6-integrin expression in HT29 IECs and CLPFs in CD patients with fistulas. 53 One study on aggressive colon carcinomas found that ETS-1 was a transcription factor and proto-oncogene that mediates the activation of b6-integrin during EMT. 37 Another inducer of b6-integrin is the cytokine interleukin (IL)-13 that mediates the expression of SLUG and b6-integrin in HT29 IECs. 36 Although this in vitro test was done in an EMT model induced by IL-13 treatment, the former part of the same article pointed that IL-13 alone was not sufficient to induce EMT in their IEC models. Proper and replicable EMT models would make it more convincing to determine the molecular features and signaling pathway. More grossly, in fistula samples, high levels of IL-13 were detected in the TCs lining the fistulizing tract. 36 Compared with healthy controls, TGF-b induces IL-13 secretion in CLPFs of patients with CDassociated fistula. 36 Furthermore, IL-13 is secreted in an autocrine manner, and both IL-13 and its receptor, -IL13a1, are highly expressed in cells lining the fistula. 36 DKK1, a modulator of cell migration and a secreted antagonist of the Wnt signaling pathway, 58 has higher detectable immunohistochemical staining in TCs lining the fistula tracts in CD patients than in non-IBD control patients. 59 Moreover, TGF-b treatment increases DKK1 expression in IECs. 59 A previous study used siRNAs to diminish DDK1 expression in HT-29-IECs in order to study its effect on other genes of fistula pathogenesis; the authors reported that TGF-b induces IL-13 expression, but not b6-integrin expression, in IECs via DKK-1. 59 Nucleotide oligomerization domain 2 (NOD2), a receptor for the bacterial cell wall component muramyl dipeptide (MDP), has been found to be associated with the pathogenesis of fistula in CD. 60 Further study showed that MDP stimulates expression of TGF-b, SNAIL1, and IL-13 in IECs and CLPF in fistulas. 53 These findings suggest that bacteria may play a role in fistula formation in CD patients, possibly by exogenous induction of EMT.
To summarize the role of EMT in the pathogenesis of CDassociated fistulas (Figure 2) , epithelial defects and disturbed immune response to the bacterial component, particularly MDP, leads to a severe inflammatory reaction in the intestinal lumen with the secretion of TNF-a, IL-13, and TGF-b. Subsequently, TGF-b induces multiple transcription factors in IECs associated with EMT and cell invasiveness, such as ETS-1, SNAIL1, and SLUG, leading to the repression of E-cadherin, redistribution of b-catenin, and production of more molecules required for enhanced cell invasiveness, such as b6-integrin. IL-13 (induced by TGF-b) and its receptor, as well as TNF and its receptors, may act in an autocrine manner to favor EMT and increase its regulation effect on cell migration and penetration into the deeper layers. Other regulatory proteins such as DKK1 may also participate in this process.
EMT in CD-associated intestinal fibrosis
Intestinal fibrosis with the onset of fibrostenotic strictures is a long-standing complication of CD and occurs under the influence of multiple triggering factors such as chronic inflammation, bacterial residency, and unbalanced wound healing processes. [61] [62] [63] Strictures are present in 5-10% of patients when first diagnosed with CD, and 430% of patients develop strictures within 10 years of diagnosis. 64, 65 The cumulative rate of surgical intervention in the first 10 years after diagnosis of CD is B35-50%. 66, 67 Moreover, the recurrence rate of CD is high: 40% at 4 years after bowel resection, and 50% at 10-15 years after ileocecal resection. 68 Multiple factors have been considered to be involved in the intestinal fibrosis in CD, including cellular and molecular profibrogenic factors, ECM molecules, the matrix metalloproteinase/tissue inhibitor of metalloproteinase system and microbiotic influence, adipose tissues, and genetic and epigenetic modulations. 61 In the complex network of intestinal fibrosis, EMT is a unique entity that contributes new mesenchymal cells from the epithelium via multiple cellular molecules, such as IL-13 and TGF-b.
6,69 Such a mesenchymal cell pool provides the main effector cells-fibroblasts and myofibroblasts-that synthesize ECM proteins, leading to fibrosis.
Previous studies have found that EMT contributes to B30% of new FSP1 þ fibroblast cells formed from IECs in mouse models of renal and liver fibrosis. 6, 25, 70 A previous study used human specimens and mouse models to investigate the mediators and markers of EMT in CD-associated fibrosis, for example, TGF-b1, IL-13, and E-cadherin; it showed that TGF-b1 staining was stronger in the epithelial layer of human intestinal fibrotic specimens of CD patients than in the non-IBD controls, with notable TGF-b1 expression in the submucosal layer, particularly the fibrotic area. 63 Moreover, transient transgenetic mouse models have demonstrated that overexpression of TGF-b1, which is the main inducer of EMT, can lead to colonic strictures. 71 Thus, TGF-b1 is evidently a key profibrogenic factor in intestinal fibrosis. Another synergetic and highlighted profibrogenic soluble factor is IL-13 that is involved in fistula formation. 61 To investigate the relationship between immune regulators and TGF-b1, researchers have used a chronic colitis murine model induced by long-term intrarectal administration of the chemical TNBS (2,4,6-trinitrobenzene sulfonic acid), with the apparent colonic collagen deposition mimicking inflammation-induced colonic fibrosis. 69 The experiments showed that IL-13 induces TGF-b1 by expression of IL-13R on the cell surface. 69 Furthermore, b-catenin, which is correlated with E-cadherin and the cytoskeletalon system as discussed above, was dislocated from the cell membrane and occurred at the perinuclear site, indicating transcriptional activity in the fibroblasts of the fibrotic area of CD specimens. 63 As b-catenin nuclear translocation is an acknowledged feature of EMT, this phenomenon indicates the involvement of EMT in CDassociated fibrosis. Moreover, TGF-b has been shown to modulate the expression of SLUG via b-catenin in epithelial cell activity of the ocular system, and SLUG is known to be involved in the pathogenesis of EMT via repression of E-cadherin expression. 72 Identification of this Snail family factor in CD specimens and non-IBD controls indicated that strong SLUG signals were present in the nucleus in fibroblast-like cells in fibrotic areas of specimens from CD patients, but SNAIL1 was absent from both CD and non-IBD control patients. 63 Recently, studies have reported that microRNAs (miRNAs) mediate EMT and promote fibrotic diseases in many organs, such as lung, kidney, and heart. 73 MiRNAs are small, noncoding RNAs of 18-25 nucleotides that regulate gene and protein activities at the posttranscriptional level. 74 With regard to IBD, miRNAs have been found in various pathologic processes, including regulation of the NF-kB pathway (e.g., miR-146a and miR-146b), intestinal epithelial barrier function (e.g., miR-21 and miR-200b), and autophagy (e.g., miR-30c and miR-130a). 75 Among these miRNAs, miR-200b has been found to target the zinc-finger E-box-binding homeobox (ZEB) transcriptional factor, and its overexpression could inhibit TGF-b1-induced EMT in IECs. 76 In another study, researchers demonstrated that miR-200b could partially protect IECs from fibrogenesis by suppressing EMT in vitro. 77 Introduction of miR-200b in TGF-b1-induced cell lines causes an increase in the expression of E-cadherin and a reduction in the expression of vimentin, fibronectin, and N-cadherin that contrasts with the pattern seen in intestinal fibrosis in CD. 77 Therefore, we believe that miR-200b could repress ZEB, ameliorate the effect of TGF-b1 in EMT, and prevent intestinal fibrosis in CD. However, more in vivo evidence is required to confirm this hypothesis.
The intestinal microbiota, a critical part of the gut environment, is known to impact IBD pathogenesis and fibrosis. 78 Microbes contribute to mucosal homeostasis and maintain barrier function. Host-microbe interaction is facilitated by pattern recognition receptors, such as Toll-like receptors and Nod-like receptors, in all types of intestinal cells. 79 Rieder et al. 62, 80 found that stimulation of Toll-like receptor and Nod-like receptor ligands of the intestinal fibroblasts induced a fibrogenic response independent of TGF-b1. Another previous study on microbial lipopolysaccharide demonstrated the presence of microbe-induced EMT in intrahepatic biliary epithelial cells. 81 Comparably, Helicobacter pylori has been found to enhance EMT in gastric cancer by inducing expression of SNAIL and SLUG transcription factors. 82 A recent study used Young Adult Mouse Colon (YAMC) cells to confirm that EMT events were promoted by bacterial infection. 83 There is still no direct evidence of microbe-induced EMT in CD specimens; however, the previous results indicate the possibility of microbial involvement. Hofman and Vouret-Craviari 84 suggested that microbes induced chronic inflammation in a population predisposed to dysbiosis, genetic defects in, for example, NOD2 variants and epigenetic changes that activated the intracellular NF-kB and MAPK signaling pathways and led to EMT. The microbiome is involved in numerous processes from production of chemicals to genetic modulation, but its correlation with EMT is poorly understood. Therefore, it is important to understand how microbes induce EMT, the relationship between the microbiome and chronic inflammation, and the role of the microbiome in intestinal fibrosis in CD.
In conclusion, existing evidence indicates the involvement of EMT in the fibrogenesis of CD. According to our current knowledge, the possible pathogenesis of CD-associated intestinal fibrosis is as follows: IL-13 induces the expression of TGFb, and through downstream signaling, b-catenin undergoes nuclear translocation, thereby activating transcription factors related to EMT. Of these factors, we have identified the SLUG transcription factor. In addition, miRNA-200b has the potential to ameliorate TGF-b1-induced EMT by targeting the ZEB transcription factor in intestinal cells, and the microbiome may have a role in triggering EMT in intestinal fibrosis.
EMT in carcinogenesis of CD CD has been reported to have carcinomas of both the small and large bowel as long-term complications. 85, 86 In a cohort study, Jess et al. 87 reported an increased risk of 460-fold for small bowel adenocarcinoma compared with the general population. Regarding colorectal cancer, disease duration, age at diagnosis of CD, distal localization, and penetrating disease have been identified as risk factors. 88 A study also reported the progression of long-standing fistulas in CD to malignancy. 89 We have discussed type 3 EMT, which is correlated to tumor progression and metastasis, above. In addition, Scharl et al. 90 reported a case of EMT in a fistula-associated anal adenocarcinoma of CD. They performed immunohistochemical analysis of the EMTassociated molecules SNAIL 1, SLUG, b-catenin, and E-cadherin in both fistula and carcinoma tissues. The results demonstrated the presence of SLUG in TCs lining the fistula tract that is peculiar to carcinoma fistulas. The distribution pattern of SNAIL 1, b-catenin, and E-cadherin in this case was consistent with their previous findings addressed in the previous conterpart. 7 This pilot study and case report revealed the potential involvement of EMT in the carcinogenesis in CD patients; however, the underlying mechanisms remain unclear and require further investigation.
THERAPY TARGETS FOR EMT
To develop effective treatments for fistulizing disease and intestinal strictures, comprehensive knowledge of the complex, diverse, interrelated mechanisms involved in the pathogenesis of these complications is required. Thus far, researchers have investigated multiple agents, including anticytokines, antichemokines, antigrowth factor blockers, Toll-like receptor antagonists, matrix metalloproteinase inhibitors, tissue inhibitor of metalloproteinase promoters, and the use of gene silencing or stem cells to hinder these pathways. 13, 78, 91 In this review, we have addressed several cellular molecules involved in EMT for their potential therapeutic applications in CD ( Table 1) .
Although TNF elevation is observed during fistula formation and intestinal fibrosis, 7, 69 physicians are still skeptical about the effectiveness of its antibody in the treatment of accompanying strictures. With regard to intestinal fibrosis, the evidence for specific use of TNF antagonists as antifibrotic agents (as opposed to anti-inflammatory agents) remains unclear. 92 Among the four proven anti-TNF agents, only infliximab is indicated for use in fistulizing disease. 93 In 2014, a global consensus concluded that anti-TNF in combination with thiopurine might be beneficial for healing of fistulas and provide a better closure rate than monotherapy. 94 As TNF is a major proinflammatory cytokine, it is difficult to distinguish between the effect of the drug on fibrosis or fistula formation, and a reduction in inflammation from the baseline condition. 92 Extensive evidence indicates that the TGF-b signaling pathway is a possible target for treatment of CD complications. In addition to its role in EMT, this growth factor is crucially involved in processes such as monitoring of cellular responses including cell proliferation, differentiation, proliferation, transformation, and tumor suppression, as well as in regulation of immunological self-tolerance by facilitating regulatory T cell activation through upregulation of forkhead box P3 (FoxP3). 95, 96 Because of this effect, TGF-b1-deficient mice die of severe multi-organ inflammation at a young age. 97, 98 Some clinical trials using the anti-TGF agents fresolimumab and avotermin in organs such as lung, kidney, and skin demonstrated their safety and efficacy. 99 Another option is to target specific signaling molecules in the TGF-b cascade. This approach is more likely to gain success, as it targets specific mediators rather than TGF-b, a pleiotropic mediator. With regard to the EMT process, b6-integrin, a downstream molecule controlled by TGF-b, is upregulated in various fibrotic disorders, and its blockade is effective for treatment of pulmonary fibrosis and liver fibrosis. 100, 101 Inhibitors of b6-integrin significantly downregulate the levels of profibrogenic transcripts and consequently hinder fibrosis through local TGF-b inhibition without interfering with the homeostatic role of TGF-b. 102 However, the approach of blocking b6-integrin for the treatment of CD requires further research.
Another molecule-IL-13-involved in both fistula formation and intestinal fibrosis is thought to be a promising therapeutic target. IL-13 is produced by immune cells at the initiation of fibrosis in the intestine and increases the production of TGF-b1 in macrophages. 69, 103 Antagonism of IL-13 has been shown to be effective in preventing fibrosis in colitis models. 103 Furthermore, several IL-13 antibodies, such as lebrikizumab and tralokinumab, were tested in clinical trials for their antifibrotic effects in pulmonary fibrotic diseases and showed potent blockage of aberrant lung remodeling. 104, 105 In fistulizing disease, the IL-13 antibody demonstrates the ability to suppress IL-13-induced SLUG expression that is involved in enhancement of cell invasiveness and EMT. 36 However, its therapeutic use is yet to be verified in animal models. Another promising therapy to reduce IL-13 expression is the mammalian target of rapamycin (mTOR) protein inhibitor. In the antifibrotic process, mTOR inhibitors decrease the number of fibroblasts and myofibroblasts and repress profibrogenic cytokine expression, including that of IL-13 and TGF-b1, as well as that of type I and III collagen.
106,107 mTOR inhibitors have been effective in various fibrotic pathologic conditions. 108, 109 Moreover, an mTOR drug, Everolimus, has shown efficacy in CD trials and its potency against intestinal fibrosis is under investigation.
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CONCLUSIONS AND PERSPECTIVES
EMT is a unique biologic process that imparts epithelial cells with enhanced migratory ability and provides new fibroblasts to the mesenchymal cell pool under stimulation. This review has focused on highlighting the role of EMT in CD-associated fistula formation and intestinal fibrosis. The migratory functions of myofibroblasts are thought to be impaired in fistulizing disease, and failure to close a wound is compensated by transformation of epithelial cells into TCs via the EMT and their penetration into deep layers; however, these changes also lead to unwanted fistulas. 113 On the other hand, overproliferation and enhanced migratory ability of myofibroblasts and excess ECM deposition lead to fibrosis and strictures in CD. 113 A brief summary and comparison of EMT in CD-associated fistulas and intestinal fibrosis is given in Table 2 . Despite extensive evidence from human specimens and in vivo tests, EMT remains a controversial concept. Further functional observations and dynamic experiments are needed to confirm TCs lining the fistulas express epithelial markers CK8 and CK20, whereas their E-cadherin and b-catenin expression is downregulated compared with mucosal epithelial cells and squamous cells. 7 TCs show reduced b-catenin levels in the cell membrane, indicating enhanced migratory ability.
7 b6-Integrin shows strong staining pattern in the transitional zone. 7 In fistulizing disease, migratory functions of myofibroblasts are thought to be impaired. 113 Transformation of epithelial cells into TCs with enhanced migratory ability via EMT signifies a tendency to compensate the failure to close a wound. 113 Secretion of TNF-a, IL-13, and TGF-b. TGF-b induces transcription factors associated with EMT, such as ETS-1, SNAIL1, and SLUG. Repression of E-cadherin, redistribution of b-catenin, and production of b6-integrin EMT contributes to B30% of new FSP1 þ fibroblast cells from IECs. 6, 70 TGF-b1 staining is stronger in the epithelial layer of human intestinal fibrotic specimens of CD patients. 63 b-Catenin is dislocated from the cell membrane and occurs at the perinuclear site in the fibroblasts of the fibrotic area in CD specimens. 63 EMT contributes to the overproliferation and enhanced migratory ability of myofibroblasts. 113 Increasing numbers of myofibroblasts and excessive ECM deposition lead to fibrosis and strictures in CD. CD, Crohn's disease; CK, cytokeratin; DKK, Dickkopf-homolog; EMT, epithelial-mesenchymal transition; ETS, E-twenty six; FSP, fibroblast-specific protein; IEC, intestinal epithelial cell; IL, interleukin; MDP, muramyl dipeptide; miRNA, microRNA; TC, transitional cell; TGF, transforming growth factor; TNF, tumor necrosis factor; ZEB, zinc-finger E-box-binding homeobox.
and illustrate its contribution to the pathogenesis of CD. Future studies should use appropriate experimental models to mimic the conditions of CD and increase the predictive value of comparable responses to new therapy in clinical practice. Recently, Hahn et al. 114 provided researchers with a newly generated organoid-based EMT model from intestinal epithelial organoids. By using this model, they verified that TNF-a and TGF-b promoted the process of EMT in intestinal epithelial organoids. 114 In addition, we noted that molecules involved in EMT, such as integrin, IL-13, and TGF-b, are also involved in the pathogenesis of different conditions and in crosstalk with many other pathways. Furthermore, EMT shows different expression patterns in fistula and fibrosis. Further studies are required to obtain a deeper understanding of the role of EMT in the pathogenesis of CD-associated fistula and fibrosis. In addition, it may be beneficial to identify the highrisk population and stratify the disease activity according to the EMT pathways for better treatment and management. We believe further research into EMT could provide ideas for novel therapeutic targets for these complications of CD.
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